ABSTRACT -(Temporal and spatial variations in the structure of macroalgal communities associated with mangrove trees of Ilha do Cardoso, São Paulo state, Brazil). Temporal and spatial variations in species composition and vertical distribution of macroalgal communities growing on mangrove trees were analyzed bimonthly in the Ilha do Cardoso State Park, São Paulo state (25°03'S and 47°55'W), Southeastern Brazil. The macroalgal communities from mangroves of Perequê and Sítio Grande rivers comprised 10 and 18 taxa respectively. Bostrychia radicans (Mont.) Mont. and B. calliptera (Mont.) Mont. were the predominant taxa, present almost throughout the year and in all the sites studied. The species composition of macroalgal communities from both mangroves presented temporal and spatial variations related to environmental factors. The highest number of taxa was observed during colder, drier months, coinciding with the highest means of high water neap and short periods of continuous emersion (April to August). Some mangrove algae such as B. calliptera, Rhizoclonium spp., Caloglossa spp., and Boodleopsis pusilla (Collins) W. Taylor, Joly et Bernatowicz showed a high degree of tolerance to desiccation, being able to tolerate continuous emersion up to six days. The spatial variations in species composition were related to light, as observed in Catenella caespitosa (Withering) L. Irvine, which occurred in well-lit sites. No pattern of vertical zonation was observed, since Rhizoclonium spp., B. radicans, and B. calliptera occur over the entire vertical range. Variations in the range of vertical distribution of macroalgae of Perequê mangrove were mainly related to the variations in the tidal levels (mean high water neap and/or mean high water spring) while those observed in Sítio Grande mangrove were related to salinity variations, except for B. calliptera and Caloglossa spp. related to tidal levels and high irradiance, respectively.
Introduction
Mangrove forests cover about 25000 km 2 in Brazil (Saenger et al. 1983) , extending South to 28°30'S (Oliveira 1984) . These mangroves occur bordering estuaries, coves and lagoons, with high water turbidity and large salinity variations. In these environments, algal communities have low diversity (Oliveira 1984) .
There have been extensive studies of mangrove algal communities in tropical and subtropical coasts from Latin-America (West 1991 , Cordeiro-Marino et al. 1992 , West et al. 1992 , Pedroche et al. 1995 , Africa (Lambert et al. 1987 , Steinke & Naidoo 1990 , Phillips et al. 1994 , 1996 , Australia (Davey & Woelkerling 1980 , Beanland & Woelkerling 1982 , King & Wheeler 1985 , King 1990 , King & Puttock 1994 , Japan (Tanaka & Chihara 1984 , and the Philippines (Cordero 1978) . However, little information about the temporal variation in species composition of algal Temporal and spatial variations in the structure of macroalgal communities associated with mangrove trees of Ilha do Cardoso, São Paulo state, Brazil communities associated with mangroves is available (Narasimha Rao 1995) . On the other hand, the spatial variation in species composition can be correlated with some environmental factors such as shade produced by the tree canopy (Almodovar & Biebl 1962 , Almodovar & Pagan 1971 , Eston et al. 1991 . Vertical zonation of mangrove algae has been described in Puerto Rican (Almodovar & Biebl 1962 , Almodovar & Pagan 1971 and Japanese mangroves (Tanaka & Chihara 1987) . Oliveira (1984) described a common pattern of vertical distribution of algae found in Brazilian mangroves, and suggested that the vertical distribution can be the result of different adaptation or tolerance to the variation in several environmental factors, as well as the result of the biological interactions among the populations. However, ecological studies conducted to determine the effects of environmental factors on the temporal and spatial variations in the vertical distribution of mangrove macroalgae are uncommon.
The purpose of the present study is to provide information about the temporal and spatial variation of the species composition and the vertical distribution of mangrove macroalgal communities, assessing if there is a correlation with the changes in some environmental factors.
Materials and methods
Study areas -Macroalgal communities growing on mangrove trees located in the Perequê and Sítio Grande estuaries of the Ilha do Cardoso State Park, São Paulo state, Brazil (25°03'S and 47°55'W) were studied (figure 1). In the Perequê estuary, an area near the river mouth was selected and divided into three sub-areas: (PE 1) next to the river, (PE 2) intermediate, and (PE 3) next to the permanently emersed area. Two trees were randomly marked in each sub-area. Three areas along the Sítio Grande estuary (SG) were delimited: (SG 1) upstream, (SG 2) intermediate, and (SG 3) near the river mouth. Four trees were randomly marked in each area. These mangroves are composed by the following angiosperm species: Rhizophora mangle L., Laguncularia racemosa (L.) Gaertn., and Avicennia schaueriana Stap. et Leech. Site SG 1 is an exception, being formed predominantly by dwarf L. racemosa.
Environmental factors -The photosynthetically active radiation (PAR) was measured simultaneously with two spherical quantum sensors (LICOR, connected to a datalogger (LICOR, model LI-1000). One sensor was positioned above the canopy and the other at ground level. Percentage of incident irradiance was calculated as the ratio between PAR at ground level and above the canopy, using the average of 25 data points. Measurements were made on sunny days and between 10:00 and 14:00 h.
Variation in salinity at each site was measured by using a refractometer (American Optical, model 10419). The water was collected in vials of 15 ml, which were spaced vertically every 5 cm on 100 cm high wooden poles. In order to avoid the addition of rainfall in the vials, a plastic cover was fixed above each vial. The poles were attached to the trunks with the lowest vial at ground level. Each collection was made over one tidal cycle.
Daily variations in air and surface water temperatures, rainfall and hourly data for daily mean tidal level computations (Mesquita The tidal regime at the collected sites was semidiurnal (Por et al. 1984) . The terminology used for tides in this paper was: mean tidal level (MTL), mean high water neap (MHWN), and mean high water spring (MHWS). Algal observations -Mangrove macroalgae growing on trunks previously marked were observed bimonthly from December 1987 to December 1988. Vertical distribution of each taxon was observed in loco on the side of the trunks facing the river. Whenever it was necessary to check taxon identification under the microscope, small samples were taken. The highest and lowest position of each taxon were measured in the field and standardized taking into consideration the slope of the trunk, by means of the equation: H = hcosα; where: H = standardized height; h = height measured; α = angle formed by the trunk and the perpendicular line in relation to the ground.
The levels of the marked trees in relation to tidal height were determined by comparing the height of the predicted high tide (from the tide-gauge data in Cananéia) with the highest water level measured in the vials used for salinity determination.
In order to obtain the time of emersion of algal communities, the level of two trees (numbered 3 and 5) from Perequê mangrove were plotted against the harmonic curves of the daily data on tidal levels. This procedure allowed determining when the water did not reach the basis of the trees, and periods of emersion equal to or higher than one day were recorded. These trees were located at the highest level of the mangrove, supplying data for the greatest period of emersion.
Bostrychia radicans was considered as a complex of taxa, which included B. radicans f. radicans, B. radicans f. moniliforme, Bostrychia sp., and Stictosiphonia kelanensis. The Rhizoclonium spp. complex included R. africanum, R. kerneri, R. riparium and R. tortuosum, and monostromatic chlorophytes included Ulvaria oxyspermum and Monostroma sp. The rationale to consider different species of Bostrychia and Rhizoclonium as a complex was based on the observations that they always occurred in association, and specific identification in the field was not possible. The differences between U. oxyspermum and Monostroma sp. are concerned with the ontogeny of the thallus and limiting temperatures of survival (Braga et al. 1997 ).
Statistical analysis -The environmental factors used in multivariate analysis were water temperature, rainfall, percentage of incident irradiance, minimum and maximum values of salinity, sampling sites and period, and tidal levels (MHWS and MHWN) recorded in the same month as well as one month before recording algal data. The rationale for comparing those two periods is based on the assumption that environmental change may be manifested in the organism only after a change has occurred (Ang 1986) .
For multivariate analysis, the data of the range of vertical distribution of each taxon and environmental factors were standardized to have a mean of zero and a variance of one, in order to give each variable an equivalent weight. The principal component analysis (PCA) was used to detect combinations of those variables that explain most of the variability. The multivariate methods used in this study are part of the program package STATISTICA (version 5.0).
Results
Environmental factors -The shadiest sites were PE 1 and SG 3, while PE 2, PE 3, SG 1, and SG 2 were well-lit sites (table 1). The salinity varied during the year, and the largest range in salinity variation in Perequê mangroves was 17‰ (PE 2 and PE 3), while in Sítio Grande mangroves the range was 30‰ (SG 2, table 1). Rainfall and air and surface-water temperatures varied seasonally, showing a colder, drier period (June to August) and a warmer, wetter, period (February and March, figure 2). Species composition -The macroalgal communities growing on mangrove trees in the Perequê and Sítio Grande mangroves are composed of 10 and 18 taxa, respectively (table 2) . However, the number of taxa varied during the year, between sites and between trees at the same site, mainly in the Sítio Grande mangrove.
The algal community in the Perequê mangrove is composed of Bostrychia calliptera, B. radicans, and Rhizoclonium spp., which are generally present throughout the year (figure 3). The number of taxa increases in June (austral winter), in the colder, drier period, coincinding with higher values of mean high water neap (figure 2), and short periods of continuous emersion (table 3) . Some of these mangrove taxa (Bostrychia calliptera, Rhizoclonium spp., Caloglossa spp., and Boodleopsis pusilla) can tolerate continuous emersion up to six days, as observed in the Perequê mangrove (table 3) .
Bostrychia calliptera and B. radicans were the most abundant taxa in the Sítio Grande mangrove (figures 4-6). The spatial variations in species composition observed in the Sítio Grande mangrove may be related to variations in light (table 1) . Bostrychia montagnei occurred only in shaded sites, while Catenella caespitosa was found in well-lit ones. Moreover, the community at SG 1 was composed of only two taxa (B. calliptera and B. radicans), except for tree 4, where the number of taxa varied from two to four, with the predominance of Caloglossa spp. and B. radicans (figure 4). The highest number of taxa during one year was observed at SG 2 (10 taxa, figure 5) . However, the highest number of taxa within a month was observed at SG 3 (six and seven taxa growing on tree 4 in April and tree 2 in June, respectively, figure 6) corresponding to austral autumn and winter, with high MHWN, low temperatures, and low rainfall (figure 2).
Maximum height and range of the vertical distributionVariations in maximum height and range of the vertical distribution of the macroalgae showed no distinct seasonal pattern at any of the mangrove sites (figures 3-6). A pattern of vertical zonation was not observed either, since Bostrychia radicans, B. calliptera, and Rhizoclonium spp. occurred over the entire vertical range.
Bostrychia radicans, B. calliptera, and Rhizoclonium spp. showed the broadest range of vertical distributions, whereas Caloglossa spp. and Cladophoropsis membranacea were always found on the lower part of the trunks.
In the Perequê mangrove, the principal component analysis showed that groups fell into discrete areas (figure 7). The first component correlated the effect of tidal levels on the ranges of vertical distribution of Bostrychia radicans, B. calliptera, Caloglossa spp., and Rhizoclonium spp. (figure 7). In the second component, the range of vertical distribution of Boodleopsis pusilla was correlated with rainfall, sampling sites, percentage of incident irradiance, and temperature (figure 7).
In the Sítio Grande mangrove, the principal component analysis showed three groups (figure 8). The first component correlated the range of vertical distribution of Catenella caespitosa with percentage of incident irradiance, MHWS measured in the same month and rainfall. It correlated salinity variation, sampling sites and sampling periods with Rhizoclonium spp., Cladophoropsis membranacea, Caloglossa spp., Bostrychia montagnei, Enteromorpha spp., Boodleopsis pusilla, and monostromatic chlorophytes (figure 8). In the second principal component, the range of vertical distribution of Bostrychia calliptera was correlated with MHWS measured one month before and MHWN measured in the same month as well one month before (figure 8).
Discussion
The species composition of macroalgal communities growing on trees in the Perequê and Sítio Grande mangroves corresponds to the Bostrychietum association (sensu Post 1968) , with a predominance of Bostrychia radicans and B. calliptera.
The numbers of taxa recorded, 10 taxa in the Perequê mangrove and 18 taxa in the Sítio Grande mangrove, are higher than, or similar to the numbers recorded by other authors who investigated Brazilian mangroves (Mitchell et al. 1974 -eight taxa, Hadlich 1984 -six taxa, Hadlich & Bouzon 1985 -nine taxa, Paula et al. 1989 . These mangroves occur in an estuarine environment with a muddy substratum, high water turbidity and large salinity variations, and they exhibit a relative low macroalgal species diversity (Oliveira 1984) . Observations on Northeastern Brazilian mangroves reported higher species diversity, due to the presence of species that are normally present on rocky shores (Miranda 1986 , Pinheiro-Joventino & Lima-Verde 1988 . The high diversity of algal species in these mangroves is related to hard substratum, high water transparency and stable salinity, as observed in Caribbean mangroves (Cordeiro-Marino et al. 1992) . The higher species diversity observed in one of the mangroves may be explained by anthropogenic impact due to housing development in an area near the Perequê river, which altered the hydrographic regime, and increased the sediment loading and nutrients from sewage.
The species composition from both mangroves presented temporal variations. The highest number of species was recorded during colder, drier months, coincinding with higher MHWN and short periods of continuous emersion. During this period, the algal communities were exposed to a short periods of adverse environmental conditions, which allowed the growth of less tolerant species.
Bostrychia radicans is the predominant taxon, present almost throughout the year and at all the sites studied. Moreover, B. radicans presented a broad range of vertical distribution, while Caloglossa spp. (including C. leprieurii) grew only on the lower part of the trunks. These observations may be explained by physiological tolerance of each species to different environmental parameters. Mann & Steinke (1988) suggested that B. radicans is better adapted to higher temperature, desiccation and to both lower and higher irradiance, than Caloglossa leprieurii, based on observations of photosynthetic and respiratory rates. B. radicans has also presented the ability to maintain low respiratory rates under higher temperatures, and to return to normal levels of photosynthetic and respiratory rates after high levels of desiccation, as well as to tolerate higher levels of irradiance (Mann & Steinke 1988) ; these characteristics may allow this species' broad vertical distribution. Additionally, B. radicans has an euryhaline nature (Yarish et al. 1980 , Karsten & Kirst 1989a and is able to tolerate extreme salinity values, growing in a range of 5.3 to 70.0‰ (Karsten et al. 1994) . Bostrychia calliptera, Caloglossa spp., Rhizoclonium spp., and Boodleopsis pusilla can tolerate continuous emersion for up to six days in the Perequê mangrove. Our results show a high degree of tolerance to desiccation for some mangrove algal species. Several studies showed that the red algae Bostrychia radicans, Stictosiphonia sp. and Caloglossa sp., have the ability to produce polyols, D-sorbitol, D-dulcitol and D-mannitol, which have a role in osmoacclimation during stress caused by desiccation and salinity variations (Karsten & Kirst 1989b , Karsten et al. 1990 , Karsten et al. 1992a ,b, West et al. 1992 , Pedroche et al. 1995 . The regulation mechanism for salinity variation and tolerance to desiccation in some Brazilian mangrove algae would be a relevant subject for further studies, since these algae are able to tolerate salinity variation from 0 to 30‰ (as observed at SG 2) and continuous emersion for up to six days.
Regarding the vertical distribution of macroalgae in the Perequê and Sítio Grande mangroves, no pattern was observed for the dominant algae, since Rhizoclonium spp., Bostrychia radicans and/or B. calliptera occur over the entire vertical range. This result could be related to the absence of competitive interactions for bare space among mangrove macroalgae during colonization processes as observed by Eston et al. (1992) in a study in the same mangrove macroalgal communities. Interspecific competition has been considered the primary determinant in open coast vertical algal zonation (Chapman 1973) . Wilkinson (1980) has suggested that the interspecific competition could be reduced by number of species, resulting in less well-defined zonation in estuarine algal community. On the other hand, Almodovar & Pagan (1971) observed a clear zonation pattern in Puerto Rican mangroves, and Tanaka & Chihara (1987) in Japanese mangroves. However, the temporal variation of vertical distribution of the algal community was not considered in those studies.
The ability to withstand emersion is considered the major determinant of the presence of the species and controls the upper distributional limits in some intertidal species (Davison & Pearson 1996) . This could explain the results of PCA and cluster analysis which showed that the range of vertical distribution of algal community from Perequê mangrove and of Bostrychia calliptera from Sítio Grande mangrove were related to tidal levels (MHWN and MHWS). The vertical distributions of the majority of species from Sítio Grande mangrove were correlated with salinity variations, since the sampling sites presented a great range of salinity variations. The distribution of Catenella was correlated with high percentage of incident irradiance, in opposition with the observation made by Oliveira (1984) who reported that C. caespitosa has been found in shaded spots.
In conclusion, this work showed that species composition of macroalgal communities from both mangroves presented temporal and spatial variations related to environmental factors. Temporal variations are related to temperature, tidal levels and tolerance of each species to withstand emersion, whereas spatial variations are related to salinity and light. Tidal levels controlled the range of vertical distribution of macroalgae from Perequê mangrove while salinity variations were a determinant factor for the majority of the species from Sítio Grande mangrove.
